Abstract. Based on high-resolution UVES spectra we found that the radial velocity (RV) dispersion of nine of twelve known young bona fide and candidate brown dwarfs in the Cha I dark cloud is 2.0 km s −1 , i.e. significantly smaller than the RV dispersion of T Tauri stars in Cha I (3.6 km/s) and only slightly larger than the dispersion of the surrounding molecular gas (1.2 km/s) (Mizuno et al. 1999 ). This result indicates that the majority of these brown dwarfs are not ejected with high velocity out of a dense region as proposed by some formation scenarios for brown dwarfs. The mean RV values are consistent with the objects being kinematic members of Cha I. The RV dispersion of the T Tauri stars confined to the Cha I region is based on a compilation of T Tauri stars with known RVs from the literature plus three T Tauri stars observed with UVES and unpublished RVs for nine T Tauri stars. Time-resolved spectroscopy revealed RV variations for five out of nine of the bona fide and candidate brown dwarfs in Cha I, which could be due to orbiting planets or surface features. Furthermore we derived rotational velocities v sin i and the Lithium 6708Å equivalent width.
Introduction
It is still an open question how brown dwarfs form. They may form like planets in disks around normal stars. The 'brown dwarf desert' is not supporting this theory unless the brown dwarfs are ejected after their formation and can now be detected as freely floating brown dwarfs. Sterzik & Durison (1999) proposed the ejection of brown dwarfs from cloud cores by three-body encounters.
Brown dwarfs may also form like stars by collapse of a cloud but do not become stars because they formed out of relatively small cores. There are several observational hints to significant circumstellar material around young brown dwarfs (e.g. Comerón et al. 2000 for Cha I) supporting a star-like formation. Recently Reipurth & Clarke (2001) proposed that brown dwarfs form by cloud fragmentation but failed to become stars because they have been ejected in the early accretion phase.
Understanding the formation of brown dwarfs is important because the number of brown dwarfs is at least equal to the number of stars (Reid et al. 1999) . The ejection of a (proto-) brown dwarf in the early accretion phase or later might have left observable signs. In this paper we report on high-resolution spectroscopy of young bona fide and candidate brown dwarfs in Cha I, which indicate that there is probably no run-away brown dwarf among them.
The Chamaeleon cloud complex is comprised of three main clouds. Cha I is the most active star forming cloud among them and one of the most promising grounds for observational projects on very low-mass objects. Recently twelve low-mass M6-M8-type objects, Cha Hα 1 to 12, have been detected in the center of Cha I with ages in the range of 1 to 5 Myrs (Comerón et al. , 2000 . Their masses are below or near the border line separating brown dwarfs and very low-mass stars. Four of them are confirmed bona fide brown dwarfs (∼30 to 50 M Jup ) (Neuhäuser & Comerón 1998 Comerón et al. 2000) .
Spectroscopy
Using the high-resolution Echelle spectrograph UVES (Dekker et al. 2000) at the VLT, we carried out spectroscopic observations of nine bona fide and candidate brown dwarfs (M6-M8) (Cha Hα 1 to 8 and 12) and three mid- UVES is ideal for high precision measurements of RVs of faint objects. The spectra have been taken using the red arm of the two-armed UVES spectrograph equipped with a mosaic of two CCDs (blue side of red arm: EEV; red side of red arm: MIT-LL). The wavelength coverage is 6600Å to 10400Å and the spectral resolution λ/∆λ = 40000. The spectra have been taken with a slit of 1 ′′ to 1.2 ′′ during a seeing of 0.4 ′′ to 1.0 ′′ . The spectra have been optimally extracted, including bias correction, flat fielding, cosmic ray elimination and sky subtraction using the Echelle package of IRAF 1 .
Radial velocities
For the determination of precise RVs we used the telluric O 2 lines as wavelength reference. They are produced in the Earth atmosphere and show up in the red part of the optical spectral range (cp. Fig. 1 ). They are stable up to ∼ 20 m s −1 (Balthasar et al. 1982 , Caccin et al. 1985 . Heliocentric RVs are determined by cross-correlating plenty of stellar lines of the object spectra against a template spectrum and locating the correlation maximum. A mean UVES spectrum of CHXR 74 served as template. The zero point of its velocity has been determined by means of the Lithium line at 6708Å.
For the measurements of Doppler shifts of stellar features we carefully selected appropriate wavelength regions, which are not affected by telluric lines, cosmic defects of the CCD or fringes of the CCD in the near IR. We achieved a RV precision of ∼200 m s −1 for a S/N of ∼20 in agreement with the expectations for this S/N (Hatzes & Cochran 1992). The precision of the RVs is limited by the S/N of the spectra and not by systematic effects.
The mean heliocentric RVs are given in Table 1 . They are consistent with RVs measured by Neuhäuser & Comerón (1999) within the measurements uncertainties for Cha Hα 1, 3, 4, 5, 7, B 34 and CHXR 74. However, the values for Cha Hα 8 and Sz 23 are discrepant by more than 1 σ and the RVs for Cha Hα 2 and 6 by 2 σ. This may be a hint to long-term single-lined spectroscopic binaries. Due to a low S/N for Cha Hα 7 only a mean RV and an upper limit of v sin i and the Lithium equivalent width could be determined.
Kinematics of brown dwarfs and T Tauri stars
in the Cha I cloud determined a mean RV of ∼14.6 km s −1 and a total range of 11 km s −1 for Cha Hα 1 to 8 from medium resolution spectra. The measurements of precise RVs for Cha Hα 1 to 8 and Cha Hα 12 with UVES allow us to study the kinematics of these bona fide and candidate brown dwarfs with high accuracy. We find that their RVs lie close together, only spanning a range of 2.4 km s −1 . The mean RV is 14.9 km s −1 and the RV dispersion is 2.0 km s −1 (cp. Table 1 and Fig. 2 ). The Cha Hα objects are located at the periphery of one of the six cloud cores (No. 5) in Cha I in a region with a relatively high density of young stellar objects. The mean RV of the molecular gas of the Cha I cloud and also of the cloud core No. 5 is 15.3 km s −1 (Mizuno et al. 1999) . The mean RV of the studied brown dwarfs is consistent with this velocity of the gas and therefore with the objects being kinematic members of Cha I. Mizuno et al. determined the RV dispersion of the gas of core No. 5 to 1.2 km s −1 . The brown dwarfs show a slightly larger RV dispersion (2.0 km s −1 ) than the surrounding molecular gas but basically reflect the motion of the gas.
The relatively small RV dispersion of the studied bona fide and candidate brown dwarfs gives suggestive evidence that there is no run-away brown dwarf among them. We cannot rule out that some of them have a larger space velocity dispersion since RVs are tracing only space motions in one dimension. Nevertheless our finding indicates that the majority of the nine Cha Hα objects are not ejected with high velocities out of a dense region as proposed in formation scenarios (Sterzik & Durisen 1999 , Reipurth & Clarke 2001 . Some or all of the brown dwarfs may still have been 'ejected' with less than escape velocity into an extended orbit around another component of a multiple system. None of the studied brown dwarfs is closer to a known T Tauri star than 4600 AU, i.e. it is unlikely that one of them is still bound to a star. There is still the possibility that the parent star itself was later ejected with escape velocity and left an unbound brown dwarf.
We compared the RV distribution of the bona fide and candidate brown dwarfs also with those of T Tauri stars. Radio observations by Mizuno et al. (1999) revealed that the three main clouds in the Chamaeleon star forming region differ to a large extent in their star formation properties and also the RVs of the molecular gas vary between the clouds (differences up to 3.6 km −1 ), whereas they are relatively constant (∼1 km s −1 ) within each single cloud. Therefore it is reasonable to compare the kinematics of the brown dwarfs in Cha I with those of T Tauri stars also confined to the Cha I star forming cloud.
RVs of T Tauri stars in Cha I have been measured by Dubath et al. (1996) , Covino et al. (1997) , and by us and are listed in Table 2 . Furthermore unpublished RVs of T Tauri stars based on FEROS spectra have been included (Guenther et al., in prep.) . The T Tauri stars have RVs in the range of [12.1. . .19.0 km s −1 ] with a mean RV of 14.9 km s −1 and a dispersion of 3.6 km s −1 (cp. Fig. 2 ). The mean RV of the T Tauri stars matches very well the ones of the bona fide and candidate brown dwarfs in Cha I, whereas the dispersion as well as the total range of RVs of the T Tauri stars is significantly larger than the ones of the brown dwarfs. The stellar activity of T Tauri stars probably account for this discrepancy since it has been shown that T Tauri stars exhibit a 'RV noise' of the order of ∼2 km s −1 due to stellar activity (Guenther et al. 2000) . Moreover it may also play a role that the brown dwarfs and brown dwarf candidates are all situated in a small area at the periphery of one cloud core whereas the T Tauri stars are distributed over the whole Cha I region. The RVs of the six cloud cores within Cha I differ by ±0.25 km s −1 (Mizuno et al. 1999 ).
Radial velocity variations
The analysis of UVES spectra taken at different times yielded to the detection of significant RV variations for five out of nine bona fide and candidate brown dwarfs in Cha I. They could be caused by motion of the brown dwarf due to an orbiting companion or by magnetically induced surface features. The detected RV variations are of the order of 1 km s −1 . If they are caused by an orbiting object this would have a mass of a few Jupiter masses depending on the orbital parameters (Joergens et al. 2001) . More details will be given later after additional follow-up observations.
Projected rotational velocities v sin i
Projected rotational velocities have been measured using the telluric lines for determining the instrumental profile (Table 1 ). Fig. 3 shows the v sini distribution of the brown dwarfs in comparison with that of T Tauri stars listed in Table 2 . Both distributions peak at a v sin i of 17 to 21 km s −1 , indicating that there is no crucial difference between the rotational velocities of the studied brown dwarfs and T Tauri stars.
Based on v sin i and the radius of the object an upper limit of the rotational period can be derived:
The radii of the objects are estimated from bolometric luminosities and effective temperatures given by Comerón et al. (2000) . The approximate upper limits for the rotational periods are between one and three days (Table 1) .
Lithium equivalent width
All brown dwarfs and low-mass stars observed with UVES show lithium absorption at 6708Å. The measured equivalent width is given in Table 1 for all objects. For Cha Hα 7 only an upper limit of EW(Li) was determined due to a low S/N. For eight of the twelve bona fide and candidate brown dwarfs in Cha I Lithium detection and equivalent width measurements have been reported by . Our UVES spectra allow us to add the Lithium detection of Cha Hα 12.
Summary
Based on high-resolution UVES spectra of bona fide and candidate brown dwarfs and of T Tauri stars in Cha I we determined RVs with a precision of ∼200 m s −1 . We found that the RV dispersion of nine of the twelve bona fide and candidate brown dwarfs in Cha I is 2.0 km s −1 , i.e. significantly smaller than the RV dispersion of T Tauri stars (3.6 km/s) in this cloud and slightly larger than the dispersion of the surrounding molecular gas (1.2 km/s) (Mizuno et al. 1999 ). This result indicates that the majority of the bona fide and candidate brown dwarfs in Cha I are not ejected with high velocities out of a dense region as proposed in some formation scenarios (Sterzik & Durisen 1999 , Reipurth & Clarke 2001 . Some or all of the brown dwarfs may still have been thrown with less than escape velocity into an extended orbit around another component of a multiple system.
The kinematic study of the T Tauri stars in Cha I was based on a compilation of all T Tauri stars located in Cha I where RVs were known to better than 2 km/s (including our UVES data for three T Tauri stars as well as unpublished data taken with FEROS). The mean RV of the T Tauri stars is 14.9 km/s, i.e. the same as for the brown dwarfs. The larger RV dispersion of the T Tauri stars can at least partly be attributed to 'RV noise' caused by stellar activity (Guenther et al. 2000) .
Time-resolved spectroscopy revealed significant RV variations for five of the bona fide and candidate brown dwarfs in Cha I, which may be caused by orbiting planets or spots on the surface (Joergens et al. 2001) .
Determination of v sini showed that the brown dwarfs do not rotate crucially faster than the T Tauri stars in the same cloud. The v sini values together with radii derived from the literature constrained the maximum rotational periods for the individual brown dwarfs to one to three days. Last not least we detected lithium in absorption for all studied objects and measured the equivalent widthfor Cha Hα 12 this is the first lithium detection.
The data presented in this paper showed once more that the brown dwarfs in Cha I form a very homogenous sample and are highly interesting astrophysical objects.
